Preimplantation genetic diagnosis (PGD) offers couples who need to avoid having a child affected with a severe genetic disease, an alternative to prenatal diagnosis and termination of an existing pregnancy. One of the main indications of PGD is sex selection to avoid sex-linked genetic disorders. The main objective of the present study was to investigate the feasibility of whole genome amplification (WGA) and real time PCR for sexing of single human blastomere and to confirm the results by sequencing. Forty non-viable embryos were selected for analysis.
INTRODUCTION
Preimplantation genetic diagnosis (PGD) is a strategy used to avoid or decrease transmitting genetic defects to the offspring of patients with known genetic disorders. The main indications of PGD included inherited chromosomal abnormalities, single gene disorders, and sex selection [1] . Sex selection is an option for couples who need to avoid transmitting sex-linked genetic diseases to their children. It additionally may appeal to parents who have children of one sex and need a child of the other sex, which is sometimes called "family balancing." Also, sex selection can be used during infertility treatment [2] .
The PGD techniques include IVF, embryo biopsy, molecular diagnostic testing of the single blastomere. Embryos diagnosed as disease free are then transferred to the uterus for establishing an unaffected pregnancy [3] . Handyside was the first one who transferred the sex-selected embryos to the maternal uterus in 1990 [4] . The obvious PGD benefit is the ability of selection of embryos free from the disorder of concern for implantation and thus preventing conceiving an affected pregnancy that oblige termination [3] .
At least 250 hereditary diseases are caused by X-chromosome genes abnormalities [5] . Most of them show recessive inheritance and are inherited in 50% of offspring of mothers who carry a mutated allele. Other conditions linked to the Y chromosome are related to infertility [6] , as in case for microdeletions [7] .
Polymerase chain reaction (PCR) and fluorescence in situ hybridization (FISH) are the most common methods used in PGD in many IVF laboratories [8] . PGD by means of FISH with the Y and X-chromosomes probes has been used in several conditions that involve X-linked diseases [10] and also has the possible advantage of identifying sex chromosomes' aneuploidies.
However, the accuracy and efficiency of this technique are largely dependent on the individual technical skills and the experience of the involved laboratory. Poor blastomere fixation and lack of strict scoring criteria can decrease the FISH reliability [11] . In addition, FISH can't be used in identification of allelic differences in the single copy genes that cause most of inherited diseases. [18] . The products of WGA using MDA technology often cover most of the human genome and the amplification is reported to be uniform [19] .
This study investigates the use of real-time (SRY) gene that is specific for the Y chromosome [22] . The β-globin region that is shared by both sexes was chosen to serve as an endogenous control of amplification to avoid false-negative results caused by PCR inhibitors [20] .
Recently, direct sequencing was used in PGD.
It is accurate, reliable and by confining the sequence analysis (post-PCR) to a smaller region of interest, the time needed to get results is greatly decreased [9] .
Investigation of the feasibility of WGA and real time PCR for single human blastomere sexing was the main aim of the present study to be confirmed by sequencing.
MATERIALS AND METHODS

 Blastomere isolation
After approval of this study by the Ethics For PCR analysis, an aliquot of REPLI-g amplified DNA was diluted in nuclease free water 1:5.
 Quantitative real time PCR
Primers with specific sequences for SRY, DYS14 [23] , and DAZ genes [24] as specific genetic markers for the Y-chromosome and β-globin gene as an internal positive control were used [25] (to ensure sufficient genomic DNA after extraction).
Specificity of the chosen primers was assessed by basic local alignment search tool (BLAST) Melting curve analysis using Rotor-Gene Q system software was performed to assess specificity of the amplification products. In addition, one blank sample was used in each run to detect possible contamination. After each reaction analysis, disposal of all materials used was done, taking care not to contaminate formerly amplified materials. Moreover, all the 16 female embryos were negative for SRY. In addition, by using DYS14 sequences, 15 out of 16 female embryos were correctly diagnosed and only one embryo gave a false positive result, while all the 24 male embryos were correctly diagnosed. On using the DAZ sequence, gender of all male and female embryos was identified correctly (Table 3) . It is to be an event that would seldom occur with multicopy genes [20] . Furthermore, these primers were used in our previous study [27] , which proved high efficiency in detecting male bearing pregnancies from maternal cffDNA especially when these genes are used in combination.
RESULTS
Results
The region of the β-globin gene was selected for three reasons. First, this region is located on and specific for chromosome 11, that rarely presents aneuploidy [28] , hence it represents a magnificent control that decreases the probability of broad Ct variations. Second, this region has been utilized in the laboratories for a long time for other experiments revealing a high rate of successful amplification, even utilizing small DNA amounts.
Finally, the β-globin region selected possess four genomic copies in a diploid cell (delta and β-globin) and the primers were designed to amplify a fragment of the delta and β-globin region and not simply one or two to avoid reducing the technique sensitivity [20] .
In this study, two embryos gave false negative results using SRY sequence, after confirmation by sequencing and comparing this result with that obtained by DYS14 and DAZ sequences, which gave positive results for these two embryos. This agrees with our previous study [27] on cffDNA that reported that positive DYS14 and DAZ gene results correctly diagnosed a male fetus with 100% sensitivity and specificity in spite of the fact that about 60% of cffDNA is fragmented [29] . As previously stated, these false negative results using SRY sequence is due to the fact that it is a single copy gene, while DYS14 and DAZ are multicopy genes [22] .
In addition, one embryo gave false positive result using DYS14 sequences despite being female as confirmed by sequencing and by the results of the other two genes. As previously mentioned, the DYS14 sequence has considerable homology to sequences other than the Y chromosome [30] .
Therefore, female embryos could be falsely classified as males by the DYS14 gene. However, in our previous study on cffDNA [27] , using real time PCR, when DYS14 gave positive result and at the same time, SRY and DAZ gave negative results, the case was considered male, however in that study, a cut off value was applied which increased the specificity of the DYS14 to 100%, therefore, the case was considered male.
In this study, combinations of the three Ychromosome sequences increased the accuracy of the test, a finding consistent with our previous study [29] . However, the most interesting finding in this study is that embryo sexing by DAZ gene using real time PCR yielded the highest sensitivity and specificity (100%) which may place this test in competition with FISH technique, which is the gold standard for human blastomere sexing. In addition to the efficiency and accuracy of this assay, it permits sexing within 4 hours after WGA.
Consequently, the whole procedure presented in this study is suitable for gender determination in PGD for couples at risk for sex-linked genetic diseases and for non-medical sex selection.
Moreover, the obtained DNA could be agreeable to other molecular analyses such as array CGH and single nucleotide polymorphism (SNP) analysis, and may allow the identification of a wider spectrum of specific inherited disorders [15] .
In conclusion, WGA is effective in obtaining sizable amounts of DNA from single human blastomeres. Moreover, the obtained DNA can be successfully utilized for rapid, safe and reliable real-time PCR-based gender determination for preimplantation human embryos and this will pave the way for pre-implantation genetic diagnosis of different inherited disorders.
